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infections. Such as S. aureus, CoNS and methicillin-resistant (MR) CoNS cause bloodstream infections as well as nosocomial infections. [4, 6] It has been suggested that MRCoNS may be the source of antibiotic resistance genes. The majority of CoNS isolates recovered from the hospital environment are MR and related to nosocomial infection. [7, 8] The investigation of the mecA gene and the typing of the staphylococcal cassette chromosome gene mec (SCCmec) complex present estimative discriminatory results for staphylococci, whether CA or acquired through a nosocomial infection agent. [9] Following detection of MR staphylococci (MRS), the methicillin resistance gene that carries SCCmec was identified. Since then, MRS were identified as the most widespread nosocomial infection agent, and researches began to focus on it. Because MRS played an important role in CA infections, a great deal of researches was carried out to determine its exact role. SCCmec complex in MRS is a mobile element and classified into eight different types (I to VIII) within three classes (A, B and C). [2, 6, 9, 10] Since the mecA gene that codes penicillin-binding protein 2a (PBP2a) shows a high level of homology in MR Staphylococcus aureus (MRSA) and MRCoNS, the mecA gene is considered to be a suitable molecular marker for determining methicillin resistance in all staphylococci. [11] Several reports involving healthcare-related strains suggest that SCCmec transfer, from MRCoNS to methicillin-susceptible S. aureus (MSSA) may occur; therefore, MRCoNS may act as a source of SCCmec for MRSA. The frequency of methicillin resistance in healthcare-associated CoNS is currently 60%. [1, 2] While plasmid analysis of staphylococci has not been commonly used for typing and resistance detection, it can be useful for clonality research. Researchers can characterise plasmids by transforming them between bacteria through conjugation and same plasmid detection in definite resistance profiles of bacteria. Specifically, pUB110 and pT181 were the most studied plasmids among them. [12, 13] It was reported that genes leading to resistance to a variety of antibiotics other than beta-lactams exist on plasmids, and these plasmids can be transferred from one to another. [2] [3] [4] 6, 14] Hence, plasmid analysis is not useful for epidemiological investigation; pulsed-field gel electrophoresis (PFGE) is the most commonly used method of epidemiological analysis to determine genetically related isolates. [15] In the aspect of this information, we studied the source of noninfection-related MRS isolates taken from the same healthy nursing students, before and after exposure to a hospital environment, at an interval of 4 months. We aimed to identify clonal relationships by PFGE, plasmid analysis and SCCmec types in these isolates to pinpoint the source of MRS infections or contaminations.
matErials anD mEtHODs

Bacterial isolates
All isolates were obtained from the nares and hands of 75 nursing students. All the students were at the first class of nursing school and had never worked in a hospital environment. The first specimens were taken from their nasal cavities and dominant hands (right or left) before they commenced hospital training in a city hospital. The specimens were taken for the second time from the same students after the students had undergone 4 months of hospital training. The training activity was in different parts of the hospital, except intensive care units. A total of 300 samples were obtained and incubated at 37°C for 24 h on blood agar. The staphylococci were identified by using Staph API (BioMerieux, France). All isolates were stored at −80°C until examination. All procedures performed in studies involving human participants were in accordance with the ethical standards of the Institutional and/or National Research Committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Antimicrobial susceptibility tests
All isolates were tested on Mueller-Hinton agar using Kirby-Bauer disc diffusion method for antimicrobial susceptibilities to cefoxitin, erythromycin, clindamycin, ofloxacin, gentamicin and penicillin (Oxoid) and for investigation of inducible clindamycin resistance (ICR). An oxacillin susceptibility test was performed using the broth microdilution method (minimum inhibitory concentration [MIC]). All tests were performed and interpreted according to "Clinical Laboratory Standards Institute, 2008" guidelines. [16] Isolates with MIC values above 2 mg/l were considered to be resistant to methicillin. S. aureus ATCC 25923 and ATCC 43300 strains were used as negative and positive control for methicillin resistance and drug susceptibility testing.
Genotypic determination of staphylococcal cassette chromosome mec complex by polymerase chain reaction method
Isolates detected as MR were incubated in brain-heart infusion broth at 36°C overnight; total bacterial DNA was extracted with the GeneJet Genomic DNA Purification Kit (Thermo Scientific, Lithuania), according to the manufacturer's instructions. The existence of the mecA gene and the SCCmec gene complex of isolates that is responsible for methicillin resistance were investigated with the polymerase chain reaction (PCR) method. Primers (Fermentas) used in the study for mecA and SCCmec I-V typing are listed in Table 1 . [1, 10] The presence of the mecA gene and the SCCmec complex was detected by PCR assay with the following cycling protocol: Initial denaturation at 96°C for 90 s, primer binding at 50°C for 90 s, annealing at 72°C for 90 s and final extension at 72°C for 10 min using a thermocycler (Thermo Scientific, Lithuania). PCR products were run on a 2% agarose gel with 0.5% µg/ml ethidium bromide; the resulting bands were visualised using UV light and analysed by the E-Capt gel image analysis program (Vilber Lourmart E-Box, France).
Plasmid isolation and determination
For plasmid isolation, MR and ICR staphylococci were grown in LB medium overnight in a shaker incubator at 35°C. Oxacillin was added to the growth media at below-MIC concentration (0.1 µg/ml for CoNS and 1 µg/ml for S. aureus). The isolates were then centrifuged at 8000 rpm for 2 min, and plasmids were obtained using GeneJet Plasmid Miniprep Kit (Thermo Scientific, Lithuania), according to the manufacturer's instructions. Electrophoresis of plasmids was performed on 0.5% agarose gel for 170 min and visualised using UV light.
PFGE with SmaI restriction endonuclease digestion of total DNA: The PFGE analysis of MR isolates was performed using previously described method [17] at the Department of Medical Microbiology in Karadeniz Technical University School of Medicine, in Trabzon, Turkey. The chromosomal DNA of MRS isolates was digested with SmaI endonuclease restriction (Fermentas) and separated by PFGE using a contour-clamped homogeneous electric field DRIII system (Bio-Rad Laboratories, Richmond, CA, USA). PFGE was performed using the following run parameters: 6 V/cm 2 ; temperature, 14°C; initial switch, 5 s; final switch, 40 s and total time, 19 h. Markers lambda ladders (Promega) S. aureus ATCC 25,923 and S. aureus ATCC 43,300 as a bacteriological molecular size standards were loaded onto gels to facilitate comparisons of banding patterns across gels. After the electrophoresis run was finished, gels were stained in ethidium bromide solution; it was then visualised and photographed under UV light. PFGE profiles were analysed with BioNumerics version, 7.1 software (Applied Maths, Belgium). Cluster analysis was arranged by an unweighted pair-group method using arithmetic averages. The data analysis was produced using a Dice similarity coefficient with 1.5% tolerance and 0.5% optimisation. The obtained profiles were defined with a similarity cutoff value of 80% and evaluated according to the criteria of Tenover et al. [18] Statistical Package for the Social Sciences (SPSS) version: 22 (IBM corporation, New York, U.S) was used to perform statistical analysis.
rEsults
Bacterial isolates and antimicrobial susceptibility
MRS were detected in 39 of 300 (13%) specimens and methicillin-susceptible, but ICR S. aureus was detected in 2 specimens that were included in this study. Before exposure to the hospital environment, 14 MRS (9.3% of 150 specimens) were isolated from the hands and nares of 12 of the 75 participants (16%). The obtained staphylococci included 7 Staphylococcus epidermidis, 3 Staphylococcus haemolyticus, 2 S. aureus and 1 Staphylococcus hominis, Staphylococcus lugdunensis. After the participants underwent 4 months of hospital training, 25 MRS were isolated (16.6% of 150 specimens) from 20 of 75 participants (26.6%); in addition, 2 MSSA having ICR isolates were detected. While the initial MR rate was observed to be 9.3%, after exposure to the hospital environment, the rate was raised to 16.6% (P = 0.041). Furthermore, 12 of 39 MRS isolates were inducible clindamycin resistant. All isolates were detected as resistant to penicillin. Vancomycin resistance was not detected. According to antibiotic susceptibility results, conversion in drug resistance profiles of isolates was not statistically significant between the pre-and post-hospital exposure groups. The antibiotic susceptibility profile for both groups is summarised in Table 2 .
Before hospital training, MRS were detected in nine students, whereas it was detected in 17 students after hospital training of which were unlike from before hospital training isolates. ICR rates for pre-and post-hospital exposure were 4% (6/150) and 5.3% (8/150) for different individuals respectively (P > 0.05). Erythromycin and clindamycin resistance profiles among MRS isolates before hospital training were as follows: Two isolates were erythromycin resistant, clindamycin susceptible (CS); five five were resistant to both erythromycin and clindamycin (ECR); one was erythromycin susceptible, clindamycin resistant. After hospital training, the profile was found to be 12 ECR, 5 CS and 2 susceptible.
MecA gene existence was confirmed, and SCCmec profiles were also determined by the PCR method [ Table 2 and Figure 1 ]. SCCmec type distribution among MRS isolates were as follows: 19 MRCoNS (15 S. epidermidis and one each of S. haemolyticus, S. lugdunensis, S. hominis, S. chromogenes) had SCCmec III (7 from before hospital training); 6 MRCoNS (three each of S. epidermidis and S. haemolyticus) and one MRSA had Plasmid profile patterns were revealed that total of 22 different plasmids were observed and molecular sizes were ranged Table 2 and Figure 2 ]. The most frequently detected plasmid was 1.4 kb in 19 isolates; the second-most common plasmid was 3.2 kb in 9 isolates. When correlation and relatedness were assessed between ICR and plasmid size, a moderate correlation was determined for 1.4 kb and 2.3 kb plasmids (P = 0.010; r = 0.397). However, there has been no statistical significance or correlation between plasmid profiles, antibiotic resistance or clonal relatedness of isolates.
In addition, 28 S. epidermidis isolates were evaluated to determine genetically clonal similarity by PFGE; the results were interpreted according to Tenover et al. [18] With regard to these results, Se14 and Se15 were found to be indistinguishable. These two isolates were obtained from the nares and hands of the same individual after hospital training. Furthermore, 6 isolates (Se26:Se31; Se3:Se44 and Se20:Se21) were found to be closely related, and 6 isolates (Se35:Se38; Se27:Se32 and Se17:Se24) were found to be possibly related [ Figure 3 ]. Although there is no definite clonality between isolates, as we compared the A and B clones mentioned in dendrogram, there exist 21 isolates, 18 isolates of which were isolated after exposure to a hospital environment (except Se3, Se4 and Se10). Furthermore, 7 of 28 isolates were classified as unrelated. Genetically, clonal relatedness was not observed among MRS isolates other than S. epidermidis; they were not evaluated for similarity.
DiscussiOn
MRS have been reported as the most common cause of nosocomial infections worldwide. Among Staphylococcus spp., CoNS are regarded as opportunistic pathogens that exist in normal flora and act as a reservoir of SCCmec elements. [4, 19] From sterile site specimens, isolated CoNS are usually thought of as contaminants. It should not be ignored that in previous studies, more than 30% of blood culture isolates were found to be CoNS. [5] In particular, CoNS isolated from a hospital environment were mostly MR and developed glycopeptide resistance at alarming rate. [20] Higuchi et al. reported that the MRCoNS colonisation rate was detected as 23% among medical students, but no MRSA was isolated; after exposure to a hospital environment for 1 year, the number of MRSA isolates and resistance to drugs were significantly increased. [4] In this study, the MRS carriage rate was detected as 16% (12/75) and 26.7% (20/75) before and after hospital training, respectively. After hospital training, the most isolated staphylococci were S. epidermidis (21/25; 84%), whereas before exposure to a hospital environment, it was found to be 50%. In a study performed by Barbier et al., 291 adults were investigated for MRCoNS carriage before and after exposure to a hospital environment; carriage was reported as 16.9% and 25.9%, respectively. [2] According to our findings, before hospital training, one MRSA and 4 (33.3%) of 12 MRCoNS were obtained from the hands of 11 participants (14.7%). After hospital training, 25 MRCoNS (25/150; 16.7%) were isolated from 21 nursing students (28%), 11 of them from hands (44%). The increased number of MRCoNS isolates from hands is a problem that could be considered in future research. Ibrahem et al. performed a study with 76 hospitalised patients, in which MRCoNS colonisation was reported as 41%, and the MR rate among all isolates was found to be 48%. [21] In a previous study, it was found that in newly graduated nurses, CoNS can be colonised on their hands; after a vacation period, staphylococci still remained on their hands in smaller numbers and mecA positivity. [22] MR was encoded and PBP2a was defined by the mecA gene and carried by 8 different types of SCCmec gene complex. Zong et al. reported the most common SCCmec type in 33 of 88 clinical specimens was SCCmec III among MRCoNS, followed by Type V in 31 isolates. [19] In a study performed in Turkey, the SCCmec Type III was detected in 24 of 28 hospital-related MRSA; in CA MRSA, the most common type was IV. In addition, in hospital-related MRSA isolates SCCmec Type I, II and III, the extensity rate was from 82% to 93% and the most common among them was Type III. In CA MRSA, SCCmec IV and V were detected as the most common. [23] In our study, 19 of 39 isolates (48%) had the most common type, SCCmec III. The most detected element, type III, from hospital-related isolates indicated that it might possibly be related to hospital infection agents rather than CA Types IV and V. Two MRSA were isolated in the pre-hospital training group; one had SCCmec II and one had Type IV. After training, no MRSA was detected.
Among the MRS isolates we examined, a total of eight isolate contained multiple SCCmec elements. One isolate was obtained from before hospital training (1/14; 7%), and seven were after hospital training (7/25; 28%), on the other side in one isolate, the SCCmec element was not identified. In previous reports, it was suggested that combined SCCmec element or not typeable SCCmec element harbored isolates revealed the presence of novel rearrangement, structure and mec gene variability, which may explain the variant CoNS in clinical or community-associated isolates. [6, 24, 25] Garza-González et al. demonstrated combined SCCmec elements in 15 of 50 clinical isolates and speculated that these isolates were new variant CoNS that should be considered. [6] Another study performed by Chen et al., SCCmec elements of 78 clinical and 18 community-associated MRS were investigated, and they were observed that 13 and 5 of them had multiple SCCmec elements, respectively. In addition, they demonstrated that the isolates which harbored more than one SCCmec types were more capable of maintaining cell wall integrity and continuous transcription of resistance genes than the isolates harbored single element. [25] The genetic relationships between 28 S. epidermidis are summarised in Figure 3 . There were 21 isolates that showed 70% genetic similarity, as indicated by A and B in Figure 3 , and 18 of them were obtained after hospital training. Among these, three pairs were detected as possibly related, three were closely related, and one pair was indistinguishable. The possibly related and closely related pairs had SCCMec III, and the indistinguishable pair had type II. As shown in Figure 3 , 18 S. epidermidis were isolated after hospital training; of these, 14 had either SCCmec I, II or III. In addition, out of a total of 28 isolates, 23 (82.1%) had type I, type II, type III or all three. Epidemiologically, these might suggest hospital-related isolates, as indicated in previous reports. [5, 10, 23] Two of eight isolates (25%) that were isolated before hospital training had SCCmec IV and V, which might be attributed to CA staphylococci; these did not show any genetically clonal relationship with others. In short, it is important to detect SCCmec types, especially CA strains, as well as their clonal and epidemiological relationships. [10] CA MR S. epidermidis dominantly possesses SCCmec IVa; interestingly, through an unknown mechanism, MRCoNS isolates can transfer SCCmec elements to methicillin-susceptible S. aureus. [5, 7] A previous study that aimed to prove clonal relatedness of interrelated staphylococci confirmed the spread of strains that originated from a hospital environment. [26] Likewise, Hira et al. observed that 90% of blood culture isolates of CoNS had clonal genetic patterns with strains detected on the hands of intensive care unit staff. [22] Plasmid contents of the isolates were observed as unstable because they varied in size. In PFGE analysis, the isolates detected as indistinguishable had the same plasmids. Hence, these isolates are thought to be of the same strain because they had the same plasmids, SCCmec element and PFGE profile. The most common plasmids were 1.4 kb and 3.2 kb in size. Whether these plasmids play an important role in increased virulence can be a topic for further research. Bialkowska-Hobrzanska et al. examined the plasmid profile of the isolates and found homology between the detected plasmids. However, they reported that this homology was not associated with an epidemiologic relationship, but rather to pathogenicity. [27] In addition, various kinds of antibiotic resistance coding genes have been detected as localised on plasmids; it is hypothesised that these plasmids may spread among species to become stable in new vectors. [9, 28] When the relationship between plasmids and SCCmec types of isolates were evaluated, 12 of 19 and eight of 19 SCCmec III bearing isolates had 1.4 kb and 2.3 kb plasmids, respectively. Five of 7 SCCmec II bearing isolates had 1.4 kb plasmids. This kind of homology was not detected in other SCCmec profiles of isolates. In terms of clonal connection, no similarities were found between PFGE profiles and plasmid patterns among MRCoNS.
Our results may suggest a new perspective from which to consider the source of MRCoNS, whether CA, come from hospitalised patients or the hospital environment. Our findings revealed that most of the isolates which were observed as having clonal similarity were acquired after hospital training. A close relationship was also determined among these S. epidermidis. In a similar study, based on MRSA, the hospital environment was reported as the main source. Apart from these, many researchers have argued that SCCmec elements are derived from CA MSSA isolates. However, it was emphasised that the strict application of disinfection protocols can prevent hospital-acquired dissemination. [22, 29] cOnclusiOn MRCoNS strains obtained after hospital training showed more clonal similarity, clustered in two phylogenetic clusters and seven possessed multiple SCCmec elements require further investigation for possible mechanism. Our results suggested potential source of MRS strains were hospital environment and nursing students could be possible spreader in hospital, is the point to take into consideration.
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